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Abstract
The change in wavelength of photons scattered by atomic electrons is
deduced using non-relativistic kinematics, giving suitable justification.
Introduction
In deducing the change of wavelength of x-
rays scattered by atomic electrons, one normally
makes use of relativistic kinematics for electrons.
However, recoiling energies of the electrons are of
the order of a few keV which is less than 0.2%
of their rest energies. Hence we may ask whether
relativistic formulae are really necessary. Here we
derive the formula for the change in wavelength
of x-rays using non-relativistic kinematics for
electrons. It so happens, by some coincidence, that
relativistic kinematics leads to exact simplification
of the equations. Perhaps that is the reason for its
use rather than physical considerations [1–3].
Energy and momentum conservation
equations
In Compton scattering, an incident photon of
frequency ν is supposed to collide with an electron
at rest. The scattered photon is thought to have
frequency ν ′ < ν. The angle of scattering is taken
as θ for the photon while the angle for the recoiling
electron is taken as φ. Both the angles are with
respect to the direction of the incident photon, as
shown in figure 1.
Considering the momentum and energy of the
incident photon to be hν
c
and hν, respectively, and
treating the electron as a non-relativistic particle,
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Figure 1. Angles involved in Compton scattering.
we get the following energy and momentum
conservation equations.
Conservation of energy yields
hν = hν ′ + 12 mu2. (1)
Conservation of momentum along the incident
photon direction gives us
hν
c
= hν
′
c
cos θ + mu cos φ. (2)
Conservation of momentum in the transverse
direction to the incident photon leads to
0 = hν
′
c
sin θ + mu sin φ. (3)
Eliminating φ from (2) and (3),
(
hν
c
− hν
′
c
cos θ
)2
+
(
hν ′
c
)2
sin2 θ = m2u2.
(4)
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This can be simplified to
(
hν
c
)2
−2hν
c
hν ′
c
cos θ+
(
hν ′
c
)2
= m2u2. (5)
Eliminating u2 with the help of equation (1), we
get(
hν
c
)2
− 2hν
c
hν ′
c
cos θ +
(
hν ′
c
)2
= 2mh(ν − ν ′). (6)
As the change in wavelength or frequency is less
than 5%, putting ν ′ = ν − δν and retaining only
the first power of δν, the left-hand side (LHS) of
equation (6) can be written as
LHS =
(
hν
c
)2
− 2hν
c
(
h
c
)
(ν − δν) cos θ
+ h
2
c2
(ν2 − 2νδν). (7)
Simplifying this we get
LHS = 2
(
hν
c
)2
− 2
(
hν
c
)2
cos θ
− 2h
2
c2
νδν(1 − cos θ).
Further simplification of this equation leads to
LHS = 2h
2ν
c2
(ν − δν)(1 − cos θ).
Since ν − δν = ν ′, we get
LHS ∼= 2
(
h2νν ′
c2
)
(1 − cos θ). (8)
Equating equation (8) to the right-hand side (RHS)
of equation (6), we get
2
(
h2νν ′
c2
)
(1 − cos θ) ∼= 2mh(ν − ν ′).
Dividing this by 2mh we get the equation
ν − ν ′ ∼= hνν
′
mc2
(1 − cos θ). (9)
In terms of wavelengths this can be written as
λ′ − λ ∼= h
mc
(1 − cos θ). (10)
This is the standard Compton effect equation.
Results and discussion
With the physical parameters existing in Compton
scattering it is not inappropriate to use the non-
relativistic kinematics for electrons as we have
shown above.
Consider a collision in which the incident
photon imparts maximum energy to the electron
and thus it is backscattered [4]. Therefore, the
maximum change in wavelength λ = λ′ − λ =
2h
mc
= 0.048 52 A˚.
Taking the wavelength of incident x-rays to be
1 × 10−10 m, the percentage change in wavelength
is 4.852%, which is in fact equal to the percentage
change in energy of the photon. A photon
of wavelength 1 × 10−10 m carries energy of
12.41 keV. Therefore the decrease in the energy
of the photon is 0.6 keV. This energy lost by
the photon appears as the recoiling energy of the
electron. This kinetic energy is very much less
than the rest energy of the electron, which is
about 511 keV. Hence it is sufficient to use non-
relativistic kinematics for electrons rather than
relativistic. We hope this short article clears
the myth that relativistic kinematics is a must in
Compton scattering.
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